Objective: To examine the in¯uence of food consumption survey duration on estimates of percentage consumers, mean total population intakes and intakes among consumers only and to consider its relevance for public health nutrition and food safety issues. Design: Prospective food consumption survey. Setting: A multicentre study in ®ve centres in the European Union Ð Dublin, Ghent, Helsinki, Potsdam and Rome. Subjects: Teenage subjects were recruited through schools; 948 (80%) out of 1180 subjects completed the survey. Interventions: 14-day food diaries were used to collect the food consumption data. Results: For mean total population intakes, 53% of the foods had slopes signi®cantly different to 0 (P`0.05). In practical terms (gaday), these differences were small, with 41% of foods having differences of 1 gaday and a further 35% having differences of 1 ± 5 gaday. Estimates of percentage consumers based on 3 days and 14 days were 1.9 and 3.6 times the 1-day estimate, respectively. For 72% of foods, at least 50% of non-consumers on day 1 became consumers over the subsequent 13 days. Estimates of mean consumer only intakes based on 3 days and 14 days were 53% and 32% of the 1 day value. Conclusion: In practical terms, survey duration in¯uences estimates of percentage consumers and intakes among consumers only but not mean total population intakes. Awareness of this in¯uence is important for improved interpretation of dietary data for epidemiological studies, development of food-based dietary guidelines and food chemical intakes. Sponsorship: The Institute of European Food Studies, a non-pro®t research organization based in Trinity College Dublin.
Introduction
In the past, much epidemiological research into diet and disease has described dietary intakes in terms of nutrient content (Giovanucci et al, 1993; Garland et al, 1985; Willett et al, 1987) . The primary advantage of representing diets in terms of speci®c nutrients or major energy sources is that such information can be directly linked to biological mechanisms thought to be involved in the development of chronic diseases (Willett, 1990) . The approach of considering nutrient intakes only, however, does not take account of the existence of food ± nutrient and food ± food interactions, methods of food processing and cooking and potential effects of non-nutrients. Therefore, in recent years, investigations of the relationship between diet and chronic disease have taken an increased interest in the role played by speci®c foods and food patterns (Kushi et al, 1995a,b; Hu et al, 1998; Rodriguez Artalejo et al, 1996; Galanis et al, 1998) . The development of dietary guidelines is also experiencing a change from a nutrient-based approach to one which focuses on the food intakes or food patterns which are associated with positive health outcomes (FAOa WHO, 1998; Truswell, 1998) .
Key factors in both the epidemiology of diet and disease and the development of food-based dietary guidelines include the correct identi®cation of consumers and nonconsumers of foods and the estimation of intakes of foods among those consuming them. Any factors which in¯uence the estimation of these food intake parameters may lead to erroneous conclusions about the links between diet and disease, characteristics of high or low consumers of certain foods and the dietary patterns of those achieving dietary guidelines. Many studies have demonstrated the marked effect which the duration of a food consumption survey may have on estimates of nutrient intake as a result of the high degree of within-person variability which exists in food intake in both individuals and groups (Liu et al, 1978; Beaton et al, 1979; St. Jeor et al, 1983; Sempos et al, 1991; Freudenheim et al, 1987; Basiotis et al, 1987; Nelson et al, 1989) . These effects of short survey duration include low precision in estimates of usual intake (Beaton et al, 1979; St. Jeor et al, 1983; Basiotis et al, 1987) , overestimation of the prevalence of low and high intakes (Beaton et al, 1982; Sempos et al, 1991 and misclassi®cation of nutrient intakes of individuals (Freudenheim et al, 1987; Nelson et al, 1989) .
The variation in nutrient intakes is a consequence of the high level of intra-individual variation which exists day-today in the foods consumed (Beaton et al, 1979) . To date, little information has been available about the in¯uence of survey duration on individual components of food intake. This study set out to examine the effect which extending survey duration, from 1 to 14 days, would have on percentage consumers of foods, mean total population intakes and mean consumer only intakes and to consider its relevance for certain public health nutrition and food safety issues.
Methods

Subject selection
Subjects were recruited from ®ve participating centres in the European Union (EU) with a target of 200 per centre; Dublin, n 179; Ghent, n 158; Helsinki, n 184; Potsdam, n 204; Rome, n 223. Teenagers were selected as the sample population. Schools were chosen as the sampling point and non-exam year classes were invited to participate. Subjects were blind to the real intentions of the study in that they were advised that the project was to compare eating habits of schoolchildren across the EU. Subjects were given both written and verbal instructions about ®lling out the food diaries, were asked to pursue normal eating patterns and to carry the diaries with them to record foods eaten and consuming times. Field workers met with the students every 2 ± 4 days over the 14 days duration to check the diaries for clarity and completeness.
Estimated food diary records
Food consumption data were collected using estimated records. Each diary was constructed to collect food consumption data for 14 days, but the design of the diaries varied somewhat between centres. The Belgian centre used a diary modelled on the Dutch National Food Consumption Survey diary. This diary was structured according to meals and contained food prompts. In Italy and Germany, the diaries were structured according to meals but did not contain a pre-de®ned food list. Ireland and Finland both used an open-ended format. Irrespective of the design differences, however, each diary collected information on the time of consumption of each eating occation, a detailed description of the food andaor drink consumed, the brand name (if applicable) and the quantity of the food andaor drink consumed.
Selection of foods
A core group of 32 foods common to all participating centres was selected for analysis. Considerable effort was spent in ensuring that these foods were very rigidly de®ned in order to avoid possible differences in interpretation arising as a result of language or cultural diversity in eating habits. The foods were carefully chosen to provide a balance of different types of foods, i.e. foods commonly or rarely eaten, fresh and processed foods, broad food groups (e.g. all bread) and speci®c foods (e.g. tinned tuna).
Quanti®cation and coding of food intakes
A variety of methods were employed by each centre to estimate the quantities of foods and drinks consumed. The methods included (number of centres using each approach in parenthesis): photographic measures (2), household measures (5), weighing of or reference to school meal portions (2) and recipes (1). All centres coded the diaries on a standardized basis for the 32 targeted foods for the full 14 days. In order to estimate energy intakes, all foods and beverages recorded in the diaries were coded for at least two week days, one randomly selected from each of the ®rst and second weeks, and one weekend day, randomly chosen from either weekend. 
Statistical analysis
Since dietary surveys are usually conducted on consecutive days, the data obtained in a survey of i days is that of 1 to i. For this study, the data on the intakes of the 32 targeted foods was considered as mean daily intakes where the timeframe was day 1, days 1 ± 3, days 1 ± 5, days 1 ± 7, days 1 ± 10 and days 1 ± 14. The statistical analysis of the data posed challenges regarding the three key end-points: mean total population intake, percentage consumers and intakes among consumers only. Each will be considered in turn.
(i) Mean total population intakes. When considering mean total population intakes, the main problem encountered was the lack of independence between measurements. For example, the 7-day intake of apples is largely in¯u-enced by the intake of apples estimated using the ®rst 1, 3 and 5 days. Furthermore, the correlation structure between measurement is unequal, with measurements close together being more highly correlated than those further apart. Although analysis of variance will remain reasonably robust to departures from normality and lack of equality of variance once sample size is large enough, violation of the assumption of independence can lead to very serious errors in inference (Kleinbaum et al, 1988) . As an alternative approach for testing the in¯uence of survey duration on estimates of mean total population intakes of each food, slopes were derived for individual subjects (Snedecor & Cochran, 1967) based on their intakes at the time points 1, 3, 5, 7, 10 and 14 days, and a one-sample t-test was then used to test whether the mean slope for each food was signi®cantly different to 0. A desirable feature of this approach is that, for each individual, one gets a single measure (slope) which summarises hisaher pro®le over the six time periods, thereby eliminating the problems with lack of independence and the correlation structure. A slope which is not signi®cantly different to 0 indicates that the intakes remained constant across time, showing no trends for increasing or decreasing.
(ii) Percentage consumers. In the case of percentage consumers, it is not sensible to test the null hypothesis of no difference in the proportion of consumers identi®ed by 1 day vs 14 days. The probability of an individual being identi®ed as a consumer using the 1-day diary and a nonconsumer using all 14 days will always be zero because, once identi®ed as a consumer, a subject cannot revert to being a non-consumer. Therefore, the only way that both time periods could yield the same results is if there is also zero probability of a non-consumer on day 1 consuming the food in question over the subsequent 13 days. Knowing this not to be the case, the probability and 95% con®dence intervals of a non-consumer on day 1 becoming a consumer within the 14 days was estimated as a measure of the degree of difference between the two timeframes.
(iii) Intakes among consumers. Mean consumer only intakes proved even less amenable to direct analysis with conventional statistical methods. As survey duration increases, the number of subjects identi®ed as consumers increases, thus changing the sample size between time periods. The sample size for 1-day intake will inevitably be smaller than the sample size for 14 days unless 100% consumers are identi®ed on day 1. This poses problems for the use of tests based on paired data. Derivation of slopes requires the full pro®le for each consumer over 14 days, thereby only taking account of the ®nal 14-day number of consumers and not the increase in percentage consumers which occurs over time. Therefore, a true comparison of consumer only intakes across time cannot be made. The expected decrease in mean consumer only intakes as survey duration increases may be attributed to both the increase in percentage consumers and the increase in non-consuming days among consumers. While these two factors cannot be considered in one single statistical analysis they can be considered separately. The analysis of the in¯uence of survey duration on percentage consumers has been described above. The effect of non-consuming days on consumer only intakes of a food over 14 days can be examined using the sub-set of subjects who were identi®ed as consumers of that food on day 1 of the survey. For each food, the mean difference and 95% con®dence interval between the 1-day and 14-day intakes were calculated and translated into corresponding portion sizes. The analysis was not carried out for the purpose of drawing statistical inference but rather to examine whether the difference would be of practical signi®cance when estimating food chemical intake.
Results
The general characteristics of the study population and the mean energy intakes are given in Table 1 . The percentage of those initially recruited in the study who either dropped out or whose diaries were incomplete ranged from 7 to 25%, giving a ®nal number of 948 out of 1180 subjects. The mean age was broadly similar across centres (range 13 AE 2 to 16 AE 1 y), as was body mass index (range 19.9 AE 3.3 to 22.3 AE 1 kgam 2 ). In three of the centres the male to female ratios were about equal while in the other two centres the females outnumbered the males by about 3 ± 4 : 1. Energy intakes were broadly similar to the recommended values of 10.89 ± 14.1 MJaday for boys aged 14.5 ± 15.5 y and 8.74 ± 8.88 MJaday for girls aged 14.5 ± 15.5 y (Scienti®c Committee for Food, 1993) . Table 2 gives data on mean total population intakes, based on 1, 3, 5, 7, 10 and 14 days, together with timerelated slopes and the probability that these slopes do not equal zero. The mean total population intakes showed little effect of survey duration for most foods. For 41% of the foods, the difference between mean total population intakes across time was less than or equal to 1 gaday, with a further 35% of foods having differences between 1 and 5 gaday. The foods showing the largest differences (fruit juice, bottled water, milk and ®zzy non-diet drinks) were the foods consumed in the largest amounts (gaday). When the differences (gaday) were expressed as a proportion of the intake of these four foods based on 1 day of recording, only bottled water showed a difference of greater than 20%. When all foods (n 32) were examined in this way, 50% showed a difference of less than or equal to 10% of the 1-day intake. At a signi®cance level of P`0.05, approximately equal proportions of foods had slopes which were and were not signi®cantly different to zero (53% and 47%, respectively). For 88% of the foods the slopes were negative. Table 3 gives data on percentage consumers based on 1, 3, 5, 7, 10 and 14 days. The estimates of percentage consumers rose as the number of study days increased. On average, the value obtained for percentage consumers of foods based on 3 days of recording was 1.9 times that for 1 day (minimum 1.1, maximum 3.4, median 1.9) and this increased to 3.6 times the 1-day value when 14 days were considered (minimum 1.1, maximum 9.3, median 3.3). Probabilities for non-consumers on day 1 becoming consumers by day 14 were high, with 72% of foods having at least 50% of the non-consumers on day 1 becoming consumers over the subsequent 13 days. Only three of the The in¯uence of survey duration J Lambe et al 32 foods had a probability of less than 30% that a nonconsumer on day 1 would be consuming by day 14. Table 4 gives data on mean consumer intakes for the various survey durations in addition to the mean difference and 95% con®dence intervals between the 1-day and 14-day intakes. For all foods, these estimates fell over time. On average, the value estimated using the ®rst 3 days of recording was only 53% of the 1-day value (minimum 34%, maximum 89%, median 52%). This further decreased to 32% of the 1-day value when all 14 days were considered (minimum 11%, maximum 84%, median 28%). In absolute terms, the differences ranged from 6 to 329 gaday, with 37% of foods having differences in excess of 100 gaday. The greatest proportions of the overall difference between 1 day and 14 days was accounted for by the difference between 1 day and 3 days (67 AE 6%). Extending the survey duration from 3 days to 7 days accounted for a further 23 AE 4% of the difference and extending the survey from 7 to 14 days accounted for the remaining 11 AE 4%.
Discussion
Investigation of the in¯uence of survey duration on food intakes over a 14-day period required a large sample size with multiple ®eld worker visits per subjects. To obtain a reasonably homogenous, readily accessible population group for testing the methodological issue of the in¯uence of survey duration, teenagers were selected and schools were chosen as the sampling point. Access to the subjects during school hours facilitated the ®eld worker visits. It is important to state at the outset that the study does not attempt to provide a comprehensive, quanti®cation of the in¯uence of survey duration on all foods. The 32 foods chosen for the study are not suggested to be representative of all foods, or indeed, of the diets of the population under study, but rather they were selected on the basis that they were common to all centres and they provided a variety of characteristics, such as rarely vs commonly consumed foods, fresh vs processed, etc.
When the pro®les of mean total population intakes were considered across the different time periods in terms of slopes, approximately half of the slopes were found to be signi®cantly different to zero. This suggests that, in statistical terms, the intakes cannot be considered to have been the same for all survey time periods. For the vast majority of foods (88%), the slopes were negative, indicating a slight downward trend in intakes as survey duration increased. This may be due to some deterioration in the quality of data recording by the subjects as the 14 days progressed. Previous studies have shown data quality to decrease as survey duration increases (Gersovitz et al, 1978) . A subanalysis performed on the Italian sample as a check of the trend in quality of data reporting showed little impact on the average daily energy intake recorded for week 1 compared to week 2 of the survey (9.8 AE 4.3 MJaday vs 9.3 AE 4.0 MJaday, respectively), but did show a reduction of 12% in the number of eating occasions reported (5.02 AE 1.6 vs 4.4 AE 1.5 occasions, respectively). It is also possible that subjects overestimated food intakes for the ®rst few days and then returned to normal recording. Table 2 Mean total population intakes (gaday) based on durations of 1, 3, 5, 7, 10 and 14 days of recording of food intake for the ®ve centres combined (n 948), the estimated mean slopes with standard deviations (s.d.) and signi®cance levels (P) for testing whether slopes were different from zero.
Intakes (gaday) Slopes
Duration ( The in¯uence of survey duration J Lambe et al However, the data do not allow any de®nitive opinion on which of these two patterns occurred. Although approximately half of the foods showed slopes which differed signi®cantly from zero, it is important to bear in mind that the analysis was conducted on a sample of 948 subjects and that this large sample size will give increased power for detecting statistical signi®cance even where differences are extremely small and may not be of practical signi®cance. In practical terms (gaday), the mean total population intakes showed very small differences between the various survey durations for almost all foods, with 76% of foods having differences 5 gaday. Therefore, in practical terms, the stability of mean total population food intakes across time re¯ects what has been shown for nutrient intakes, ie estimates of group mean intakes are reasonably independent of survey duration once sample size is suf®cient (Freudenheim et al, 1987; Beaton, 1982) .
In contrast to mean total population intakes, both percentage consumers and mean consumer only intakes showed strong associations with survey duration. As survey duration was extended, there was an increase in the value for percentage consumers. The magnitude of the increase varied somewhat between foods depending on how rarely or commonly they were consumed. Very commonly eaten foods such as bread and milk were eaten on an almost daily basis by those who ate them and therefore the value for percentage consumers reached a plateau after a relatively short number of days. For foods eaten less frequently, e.g. tomatoes or bananas, the rise was more continuous over all 14 days. For 72% of foods there was at least a 50% probability that non-consumers on day 1 would become consumers over the subsequent 13 days. Again, however, the probabilities were in¯uenced by how rarely or commonly the foods were eaten. The foods with the lowest probability of non-consumers on day 1 becoming consumers by day 14 (i.e. ®zzy diet drinks, tinned tuna, cornakes, bottled water, tinned and bottled fruit) were those with the lowest ®nal values for percentage consumers after 14 days. Even for ®zzy drinks (P 0.14), however, 14% of the non-consumers on day 1 became consumers by day 14, increasing the estimate of percentage consumers from 4% to 17% (values rounded to nearest integer).
The decrease in mean consumer only intakes re¯ects both the increase in percentage consumers and the introduction of non-consuming days among consumers. The increasing number of survey days (replicate measures) reduces the intra-individual variability and makes the food intake more representative of`usual' intake. The extent of the decrease is quite dramatic for most foods, with the 14-day intake being, on average, a third of the 1-day intake. In this study, the greatest proportion of the difference between 1 day and 14 days is accounted for by the difference between 1 day and 3 days. Thus, extending the survey even from 1 day to 3 days provided a much better re¯ection of more long-term intakes. As discussed in the statistics section of this paper, a direct statistical analysis of consumer only intake data was not possible. When the day 1 and day 14 intakes of the sub-set of consumers identi®ed on day 1 were considered in terms Table 3 Percentage consumers based on durations of 1, 3, 5, 7, 10 and 14 days recording of food intake for the ®ve centres combined (n 948) with the probability and 95% con®dence intervals of a person classi®ed as a nonconsumer on day 1 becoming a consumer by day 14 [p(NC 0 3 C 14 )] of portion sizes (Ministry of Agriculture, Fisheries and Food, 1990) , the differences between them were on average equivalent to 1 2 to 1 average portion of the food per day (data not shown). The practical signi®cance of the size of the overestimation of foods will depend on the research question being asked. Overesimations may be of greater signi®cance when comparisons are being made with de®ned standards or cut-off points, eg quantitative foodbased dietary guidelines or acceptable daily intakes (ADIs) for food additives. The replicate measures made in this survey involved 14 adjacent survey days. Multiple records collected on non-adjacent days have been documented as preferable to those collected on adjacent days for correctly classifying individuals' usual intake (Hartman et al, 1990; Tarasuk & Beaton, 1992) . In practice, however, many food consumption surveys will involve data collection from each subject at one particular point in time and non-adjacent day replicate measures may not be feasible.
The in¯uence of survey duration on estimates of food intake demonstrated in this study is of relevance to those involved in public health nutrition for a number of reasons. From an epidemiological viewpoint, discrimination of consumers from non-consumers of foods and high consumers from low consumers are often important factors in hypothesis testing of the link between dietary variables and disease. Most epidemiological studies also require large sample sizes and therefore must employ dietary assessment methods which are easy to administer. Food frequency questionnaires and 24-h recalls are often the methods of choice. For the 32 foods considered in this study, a 1-day record identi®ed on average less than a third of the consumers that were identi®ed using 14 days. Therefore, a 24-h recall or 1-day record may misclassify a large proportion of individuals as non-consumers rather than consumers of a particular food and obscure a link between intake and disease outcome. In parallel, the level of the average daily intake among consumers will be overestimated. For nutrients, this error has been shown to be pronounced when the intakes at the extremes of the distribution are considered rather than just the mean (Sempos et al, 1991) . Comparisons of consumer only intakes between countries which have used different survey methodologies (eg 24-h recall, 2-day record, 7-day record, diet history) may reveal differences which exist in large part as a consequence of the survey duration rather than a true difference in food intake patterns. Mean total population intakes, however, should not show this effect. When formulating food-based dietary guidelines, the existing dietary patterns of the population (e.g. percentage energy from fat, percentage energy from saturated fat, ®bre intake, fruit and vegetable intake) must be determined and then the food intakes of those with desirable and undesirable intakes of the relevant nutrientsafoods must be examined. Dietary guidelines are designed for the entire population and therefore must take account of mean total population intakes. Strategies for improving mean total population intakes, however, must consider whether the most effective methods would involve altering the number of subjects consuming speci®c foods (percentage consumers) or altering the frequency or amounts of the foods among those consuming them (consumer only intakes) (Gibney, 1999) . Let us consider a hypothetical situation where the nutritional analysis of this study has shown low calcium intakes among the teenagers and osteoporosis is a recognized public health issue in this geographic region. Strategies for improving calcium intakes might consider the intakes of calcium-rich foods such as cheese. Based on the results of this study, the mean total population intake of cheese remains steady at 22 ± 24 gaday, irrespective of survey duration, whereas percentage consumers and consumer only intakes change quite dramatically (see Table 5 ).
Using the 1-day data, less than half the study population consumed cheese and their intake of cheese was 52 gaday. Therefore, assuming that increased cheese consumption will increase calcium intakes, a nutrition education campaign may seek to increase the proportion of teenagers who consume cheese. Using 7-or 14-day data, however, it becomes clear that the vast majority of the teenagers are already cheese consumers but it is a food that is not eaten frequently during the week. Therefore, the main focus of the nutrition education campaign should not be on converting non-consumers to consumers but rather on increasing the frequency of cheese consumption among consumers or the amounts of cheese consumed during eating occasions. Effects of survey duration on misclassi®cation of individuals with high and low intakes of nutrients and foods have also been documented (Freudenheim et al, 1987; Nelson et al, 1989; . Therefore, it is important that those involved in the development of foodbased dietary guidelines have an understanding of the in¯uence of survey duration on food and nutrient consumption data.
Exposure assessments of food chemical intake also require reliable estimates of long-term or habitual food consumption data (Lo Èwik, 1996) . These data are usually required in the form of intakes among consumers only, particularly high consumers (Nutriscan, 1992; WHO, 1985) . High intakes, which arise simply as a consequence of survey duration rather than true eating patterns of the sample, may lead to erroneous conclusions about exposure to food chemicals and thus to poor risk management decisions being made. This is particularly the case where a food chemical is present in multiple foods and the exposure assessment takes account of individuals' intakes of all these foods.
In conclusion, the duration of a food consumption survey will not affect the mean total population intake of a food but may signi®cantly affect the estimates of percentage consumers and mean consumer only intakes. While it is certainly not feasible for all dietary intake research groups to carry out food surveys for extended periods of time, it is extremely important that there is an appreciation of the in¯uence of survey duration on the various food intake parameters and that reports of food intake should be quali®ed with information about the duration of the survey on which the estimates were made. There is also a need for research to explore more cost-effective alternatives to a 14-day diary .
